Summary. The effect of long-term oral administration of norethynodrel and 17\g=a\-ethynyloestradiol-3-methyl ether (mestranol, EO3Me) on biochemical changes in the uterus, ovary and adrenal of rabbits has been studied. It was found that the administration of norethynodrel significantly increased the incorporation of [U-14C]glucose into lipid, RNA and protein of the rabbit uterus. In this respect, the effect of norethynodrel resembled that of an oestrogenic compound besides its known progestational action. EO3Me increased glucose metabolism and its incorporation into lipid and RNA in the uterus. Norethynodrel also increased lipid and protein synthesis in the ovary, but EO3Me enhanced only lipid synthesis in the ovary. Glucose metabolism was markedly depressed in the adrenal gland after the administration of norethynodrel. The mode of action of norethynodrel has been discussed in relation to the disturbance in the biochemical changes it produced in the uterus and the ovary.
INTRODUCTION
It is more than a decade since the introduction of oral contraceptives (Rock,. Garcia & Pincus, 1957) , which have subsequently become an accepted method for the control of fertility, but there are a number of points associated with their use which still require study. Laumas, Malkani, Bhatnagar & Laumas (1967) have demonstrated the excretion of norethynodrel (17a-ethynyl-17-hydroxyA5(10)-estren-3-one) and its metabolites in the milk of lactating women after oral administration of [3H] norethynodrel and have expressed concern at the possible oestrogenic activity of the excreted compounds and their possible harmful effect (Laumas, 1968) on the infant being nursed. Holmes & Mandi (1962) have drawn attention to the possible direct harmful effect of Enovid on the genital apparatus and normal endocrine homeostasis. Little is known of the biochemical changes evoked by the progestational and oestrogenic components oforal contraceptives after long-term administration and their mode of action is also not fully understood.
In order to study the biochemical changes produced by oral contraceptives, it was considered desirable to investigate the changes produced by the in¬ dividual components of the contraceptives and experiments were, therefore, undertaken to study the metabolism of [U-14C] glucose and its incorporation in the lipids, ribonucleic acid (RNA) and proteins of the uterus, ovary and adrenals of rabbits after prolonged treatment with norethynodrel and 17a-ethinyl oestradiol-3-methyl ether (E03Me).
MATERIAL AND METHODS
Adult female rabbits weighing about 1-5 kg were used in these experiments. The animals were maintained in separate cages throughout the experimental period and were divided into three groups each containing four to five animals. Group I animals, the controls, were given 0-7 ml olive oil daily by mouth throughout the treatment period. Group II animals were given a daily oral dose of 0T25 mg/kg body weight of norethynodrel in 0-5 ml olive oil for a period of 90 days. After that, the dose was increased to 0-833 mg (0-5 ml olive oil)/kg body weight/day and this was continued for another 200 days. Group III animals were similarly treated with E03Me (0-41^g/kg body weight daily for 290 days). After the treatment period, the three groups of animals were killed by a blow to the head. Uterus, ovary and adrenals were removed, freed from adhering fat and weighed. Suitable pieces for incubation were weighed on a Roller-Smith balance. Thin slices of the tissues were separately incubated in 2 ml of Robinson's medium (Umbreit, Burris & Stauffer, 1959) containing 2·5 µ [U-14C]glucose at 37°C for 2 hr in the presence of carbogen gas (95 % oxygen and 5% carbon dioxide). After incubation, the tissues were washed twice with cold Robinson medium and then homogenized in 5 ml of 5% perchloric acid in an all-glass homogenizer.
Acid-soluble nucleotides, lipids and RNA were separated by the method of Ui & Mueller (1963) except that RNA was hydrolysed with 0-2 N-NaOH for 16 hr and estimated spectrophotometrically by reading the maximal absorption at 260 nm. The residue after the separation of RNA was treated with 1 ·6 Nperchloric acid for 10 min at 70°C. After centrifugation, the supernatant was collected and DNA was determined by the diphenylamine reaction (Burton, 1956) . The residue left after the removal of DNA was estimated for protein content by Lowry's method (Lowry, Rosenbrough, Farr & Randall, 1951 Table 1 incorporation of [u-14c] Table 3 incorporation of [ -'4c] (Nicolette & Gorski, 1964) and that phospholipid metabolism has been shown to constitute an unusually sensitive indicator of oestrogen action (Aziawa & Mueller, 1961 ; Mueller, Herranen & Jervell, 1958) . Norethynodrel, in enhancing the metabolism of glucose and its incorporation into lipid, RNA and protein in the rabbit uterus, appears to behave like an oestrogen. After oral administration of norethynodrel, human urine (Paulsen, Leach, Lanman, Goldston, Maddock & Heller, 1962) , rabbit urine (Arai, Golab, Layne & Pincus, 1962; Bialy, Layne & Pincus, 1965) and goat milk (Laumas, 1968) have been found to possess oestrogenic activity. 17a-Ethynyl-19-norandrost-4-ene-3/?,10/?,17/?-triol, one of the major urinary metabolites of norethynodrel, has been found to have oestrogenic activity (Bialy et al., 1965) . It is likely that the oestrogenic metabolites of norethynodrel are responsible for the oestrogenic changes in the uterus, which, being a target organ for oestrogens, has a capacity to concentrate the hormone from the circulation. This property of oestrogens is shown not only by naturally-occurring oestrogens like oestradiol-17/? (Jensen & Jacobson, 1962; Stone & Martin, 1964; Laumas & Farooq, 1966; but also by synthetic oestrogens such as diethylstilboestrol (Laumas, 1969) . There remains the possibility that norethynodrel may act directly on the cell membrane promoting increased entry of glucose into the cell with subsequent increased glucose metabolism. It would be of interest to see whether other actions of oestrogens on the uterus are elicited by pre-treatment with norethynodrel.
Norethynodrel caused an increased incorporation of [U-14C]glucose into ovarian lipids and proteins but no increase in RNA synthesis. These effects could be explained on the basis of the action of oestrogenic metabolites of norethynodrel, but it is also possible that DNA-dependent RNA synthesis may not be necessary for the stimulation of protein synthesis in the ovary by norethynodrel. The stimulation might be effected by the action of norethynodrel on translation of messenger RNA rather than on transcription, as has been found in the case of insulin (Wool & Cavicchi, 1966) . It is also possible that the pool size of RNA is quite small and subject to a rapid turn-over. There may also be inadequate formation of RNA precursors since the route involved from glucose breakdown to RNA synthesis is quite long. Ovarian lipid synthesis was also enhanced by E03Me but it had no effect on RNA and protein synthesis at the dose levels used in the present investigation.
The decrease in the incorporation of [U-14C]glucose into lipid and protein in the adrenal gland after prolonged treatment with norethynodrel appears to be an oestrogenic type of effect. Kitay (1963) Baker, Kahan & Zanotti (1965) found that a daily subcutaneous dose of 1-5 mg norethynodrel/100 g body weight given for 27 to 34 days to female rats caused lipid depletion from all adrenal cortical zones and diminution in size of the parenchymal cells of zona glomerulosa. In women, the secretion rate of cortisol (Layne, Mayer, Vaishwanar & Pincus, 1962) and the excretion of 17-hydroxy corticosteroids are reduced Wallach, Garcia, Kistiner & Pincus, 1963 ). It appears that the action of oestrogens on the adrenal may be biphasic in that larger doses inhibit, and smaller doses stimulate corticosteroid production (Kitay, 1963; Cushman, Pulido & Hilton, 1965) but the literature is full of conflicting reports.
Caution will be needed in extrapolation to women from the results presented in this paper, particularly as it is difficult to compare the dosages and life spans for different species. Similarly it is not possible to generalize for all pro¬ gestational contraceptives from the results obtained with prolonged treatment using norethynodrel. 17a-Acetoxy compounds like chloromadinone acetate are not converted into metabolic products with oestrogenic activity and it is not known whether they will also produce biochemical changes similar to those caused by norethynodrel.
In spite of the extensive work on oral contraceptives, the exact mechanism of their action is not completely understood (Diczfalusy, 1965 (Morris, van Wagenen, McCann & Jacob, 1967) . Another suggested action of oral contraceptives is their inhibition of the ovarian response to gonadotrophins (Purshottam, Masson & Pincus, 1961; France & Pincus, 1964; Taymor & Rizkallah, 1965; Bettendorf, 1962) . In the present experiments, norethynodrel was found to enhance lipid and protein synthesis in the ovary producing a disturbance in the synthesis of these constituents which, in turn, may alter the sensitivity of the ovary to gonadotrophins. Chang (1967) concluded from his studies that the extraordinary effectiveness of oral contraceptives may be due to disturbances of many reproductive processes besides the inhibition of ovulation suggested by Pincus (1966) . According to Chang (1967) , sperm transport, sperm capacitation, rapid egg transport leading to failure of fertilization, subsequent degeneration in the uterus and expulsion from the uterus may all contribute to their effectiveness. To these factors may be added the altered biochemical changes in the uterus and ovary, evidence of which has been presented in this paper.
